Textual hyperlinks are important mainstays of the navigation systems of websites. The study presented here examines how the wording of hyperlinks in a navigation menu and embedded within the body text of a web page can influence users' browsing behavior, perceptions, and comprehension. Five experimental conditions were tested that varied hyperlink wording (generic, intriguing, and informative) in a navigation menu and in embedded links. Significant differences were found between the experimental conditions concerning number of links clicked, number of pages viewed, and inferential comprehension, with higher scores for study participants in conditions that had a navigation menu with generic hyperlink wording and embedded hyperlinks with intriguing or informative wording.
Introduction
The heart of every website's navigation system is its hyperlinks. They are the first step in any interactive website and help connect users to other pages on a site or on the world wide web. A well-crafted hyperlink can be a powerful aid for the user's navigation of a site. Even with the technological sophistication of today's websites, textual hyperlinks are still the foundation of a website's navigation, and as such, provide the basis for the study reported here. The current study examined how the wording of textual hyperlinks in both the navigation menu and embedded within the text influences users of a website. It focused on the informativeness and intriguingness of hyperlink wording, and how these influence people who are browsing an informational website in a semi-directed manner (rather than searching in a focused, task-oriented manner), with regard to browsing behavior, perception, and comprehension. A unique feature of this study is that it was conducted remotely. None of the participants was tested in person.
To support this internet-based study, we designed a set of tools that could construct the test websites, deliver the study, and collect information about people who were participating in the study from their own environments and at their own convenience [1] .
Review of relevant literature
Conventional wisdom about textual hyperlinks suggests that they should be worded more richly than simplistically, such as the much maligned 'click here' link. Much literature exists concerning the informativeness, specificity, and clarity of hyperlink wording as well as the idea of surrounding hyperlinks with
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Influencing web-browsing behavior additional information about their target. There is less research on intriguing hyperlinks, but a closely related body of research exists on seductive details, or information in a text that is interesting and related but tangential to the main thrust of a text. Finally, a few studies have considered the effect of embedded links on user experience. This literature is reviewed here as it influenced the study design.
Informatively worded and labeled hyperlinks
Much research on hyperlink wording and labeling stems from the belief that users need as much information as possible about the target of a hyperlink, particularly when they are searching for information. Informative wording and additional labeling help users to find information on a site and decide whether to click a link, and such wording signals users as to what they will expect to see after clicking a link. Many web design guidelines recommend explicitly wording hyperlinks with sufficient detail about the target content so that users will have an accurate expectation of where the links will take the user (e.g. [2] [3] [4] [5] ).
Besides wording hyperlinks explicitly, some researchers suggest making the target of a hyperlink overt with additional labeling. Some suggestions include displaying thumbnail versions of target pages with enlarged key headings [6] to clarify the destination links. Additional information about a target that might be included with a hyperlink includes download times [7, 8] , target file type (e.g. HTML, PDF, or multimedia), popularity, language, time and date of last update, and whether the hyperlink is working [8] .
Some studies suggest that making hyperlinks more informative and explicit can help people find the information that they are searching for, both on the web and in closed hypertext and hierarchical database systems. One study of information seeking in commercial websites found, anecdotally, that people were most successful in their searches in websites that included long textual hyperlinks followed by long descriptive abstracts [4] . Other studies have found that people were significantly more accurate in searching hierarchical databases when keyword descriptors such as 'General Interest Guide: News, Weather, Sports, Entertainment . . .' or help fields that contained details about the target pages were appended to navigation menu titles [9, 10] . The utility of informatively worded and labeled hyperlinks is also supported in studies of information organization; for example, one study found that college students improved their accuracy in sorting items into categories by 6% when examples were provided with category names [11] .
Although informative link wording and labeling appear to have important advantages in assisting a user's navigation of a site, some studies indicate that two other factors must be present in order for a hyperlink to be an effective navigation aid: clarity of hyperlink wording and optimal link length. Link wording that is clear and familiar to the user can help navigation of a website or database. For example, renaming a hierarchical database's navigation menu items with terminology suggested by study participants increased the accuracy of their searches by 40% [9] . Hyperlink wording may also be clarified by avoiding ambiguous words. One study found that removing the Miscellaneous category in an information organization task improved the accuracy of sorting items into various categories by 45% [11] .
Concerning optimal lengths for hyperlinks, one study recommended wording hyperlinks concisely [12] . In fact, adding too much explanatory detail to hyperlinks may not improve users' navigation performance. Another study found that including explanatory annotations with links did not improve either the accuracy or efficiency of high school students' information searches [13] . In this second study, link titles were especially detailed (e.g. 'The Adolescent, Their Family, and Anorexia') and annotations particularly lengthy (on the order of short paragraphs).
Nearly all studies of informatively worded or labeled hyperlinks have focused on their effect on information searching activities. Two studies, however, have studied their effect on browsing, or a less goal-directed perusal of a website or text. One browsing study found that labeling hyperlinks with information about the kind of content that could be found in target pages did not improve participants' performance on a recognition post-test [14] . In this study, the hyperlinks were labeled with very short annotations such as 'summary' or 'definition', which may have been too abstract to be informative. Another study of people who browsed an information website about arthritis examined the effect of semantic and organizational concreteness of local navigational links on user comprehension and perceptions of use [15] [16] [17] . This study found that comprehension was slightly improved when navigational links provided both semantic and organizational cues about the target text such as 'Section 3 of 9: Causes' and that comprehension was degraded when links provided only organizational cues (e.g. 'Section 3 of 6').
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Intriguingly worded hyperlinks and seductive details
Compared to the studies of informatively worded and labeled hyperlinks, little has been published with regard to intriguing or seductively worded links, which, as it happens, are becoming increasingly common on the internet, as individuals self-publish on the web (e.g. through blogs). With web publishing becoming more accessible, most writers for the web are not formally trained information designers nor are they publishing for purely professional purposes. Writing on the web is becoming more informal, with many people ingeniously wording their hyperlinks to intrigue readers to click them. For example, a post on Memepool.com (a community-edited website for sharing interesting links) reads 'Remember, always pick the right tool for the right job', a hyperlink that led to a series of photos of an extremely small crane attempting to pull a car from the water, falling into the water itself, and needing to be pulled out by a bigger crane. The wording of the hyperlink was imprecise and a bit ambiguous -but intriguing nonetheless. After visiting the target of the hyperlink, users could understand the relevancy and meaning of the intriguing hyperlink. In a browsing situation rather than in a highly focused, task-oriented search, this intriguing ambiguity may enhance the browsing experience by encouraging users to click on hyperlinks and explore the website. With the web becoming more egalitarian and less rarefied, users may be tolerant of entertaining, humorous applications of hyperlinks even when they are engaged in fairly serious-minded browsing activities. It may even serve to add some levity to the web and perhaps be a low-tech way to maintain the freshness of the medium.
One area of research that is closely related to the notion of intriguingly worded hyperlinks stems from the study of seductive details in reading comprehension. Studies have shown that seductive details serve to distract young readers from the main point of a passage [18, 19] . Readers focus on a seductive detail and remember it, sometimes at the expense of the target point of a text. They may also misinterpret the text under the influence of seductive details. Although seductive details capture the reader's attention and interest, they may also negatively affect comprehension. For example, in an article about the capabilities of handheld computing devices, a seductive detail might be a paragraph about celebrities that own them. The concept of seductive details has also been applied to the web. Baylor [20] studied disorientation and incidental learning in a website given the presence of distracters, which in this experiment were links to interesting and seductive sites that were off topic, such as David Letterman's Top Ten lists. She found that incidental learning, as measured by the ability to explain the main topic of the passage and to generate examples pertaining to the passage, was negatively affected by the presence of distracters. These studies do not extensively operationalize what a seductive detail is. A general definition is something that is interesting, but unimportant to the main purpose of the text. Candidate topics for seductive details include sex, sensational deaths (e.g. being struck by lightning), intrigue, and popular culture items.
Embedded hyperlinks
Few studies have focused on the effect on readers of hyperlinks embedded within a text, that is, links that appear as part of a narrative. Some possible negative effects of embedded hyperlinks are that they may distract readers by breaking up the flow of text and make it too easy to jump to other pages before finishing reading a text. Inline hyperlinks may also be easily missed by readers who are searching for information. In one study of people searching commercial websites, researchers reported anecdotally that participants were less likely to successfully complete their searches if the information they sought had to be accessed through embedded hyperlinks [4] . However, other studies have found embedded hyperlinks to be beneficial for searching for information. For example, Koved and Shneiderman [21] reported on three studies of people searching closed hypertext systems for information where the participants who used embedded links rather than links arranged as lists in menu bars completed their searches more quickly. In one study, when college students searched a hypertext to answer questions and solve problems, the version of the hypertext that included embedded links rather than a link menu led to more questions answered correctly, fewer pages viewed, and faster problem solving (that is, subjects were more efficient) [21] . In another study, participants searching a website containing only embedded links completed information searches faster than participants searching a website in which links were listed horizontally only at the bottom of each web page [22] .
Hypotheses
Influencing web-browsing behavior and comprehension of an informational website. Detailed and explicit informative hyperlink wording might very likely have a different effect on the behavior of users participating in a quasi-directed browsing task than what other researchers have reported for users searching for specific information. Furthermore, intriguingly worded hyperlinks might reveal mixed effects on browsing: users might be encouraged to explore more of the site, but that exploration might negatively impact comprehension. The study also sought to assess how people use embedded hyperlinks while browsing, which as noted earlier, has not been well researched. In addition, we wanted to explore whether the interplay of variously worded navigation menu and embedded hyperlinks would differentially affect their use. Our specific hypotheses were:
H1:
Informatively worded hyperlinks will help users comprehend more information from the site. H2: Intriguingly worded hyperlinks will encourage users to visit more of the site, but not necessarily learn more.
The next section addresses the methods of the study designed to explore these issues.
Methods
To explore the effect of hyperlink wording on users, we asked participants to browse one of five randomly assigned experimental websites at a time and computer of their own choosing, whether it was in the middle of the day in a school computer lab or in the middle of the night on their own laptop in bed. The entire experiment was conducted remotely so the participants had flexibility and thus maximum opportunity to participate in this study with the least amount of researcher intrusiveness possible.
Participants
A total of 602 adults participated in this study from autumn 2003 to spring 2004. Some participants were disqualified from the study for being under the age of 18, answering the survey by opening a second window to find answers within the website, answering questions in an unthoughtful manner such as choosing the same answer for all questions, or violating study parameters in other ways. A total of 475 people were retained for data analysis. The participants of this study were recruited from undergraduate technical writing courses in the College of Engineering at the University of Washington (UW). Students were given extra credit in their class in exchange for their participation. The participants on average were 21.09 years old (SD = 2.35). About 18% of participants were non-native English speakers. In this study, 78% of participants were male, and 22% were female, a proportion that reflects the uneven gender distribution in engineering education. Given the topic of the experimental website (American Samoa), we did not believe that this skewed gender distribution affected study results.
Materials
To conduct this experiment, we instrumented a website to support the remote administration of the experiment, that is, we created a site that could dynamically generate and assign participants to conditions, capture clicking behavior on the site, deliver survey materials, and record participant answers.
Informed consent and instructions.
The experimental website was introduced with a set of web pages that informed potential participants about the purpose of the study and told them that their participation was voluntary and that they could leave the experiment at any time by closing their browser. If visitors decided to participate in the study (agreeing that they understood the introductory materials and that they were at least 18 years old), they were shown instructions that gave them a browsing scenario: 'In your new job as Park Ranger, you are getting ready for the tourist season in American Samoa. You decide to explore the website on American Samoa (associated with this study) so that you will be able to answer questions about the islands.' Participants were asked to browse the site for 15 minutes after which they should click the 'Proceed to survey' link. In this introductory stage, PHP scripts embedded within the experimental website assigned participants to one of the experimental conditions. Subsequent instructions after they finished browsing told them not to return to the content web pages after they entered the survey and also gave them an opportunity to sign up for extra credit. Participants' names were not linked to the other data collected about this experiment, i.e. they were kept in a separate file from web browsing and survey data.
Experimental website.
The website instrumented for this experiment was drawn from a naturally occurring, public domain website, the Natural History Guide to American Samoa [23] , published by the US National Park Service, that we copied and redesigned to suit the purposes of our study. A naturally occurring site was selected to maintain the realism of the experiment. The website topic was selected because it would be sufficiently interesting but not too familiar to the engineering students who would be recruited for the experiment. The redesigned site was stored on a server in the Department of Technical Communication at the UW and was not advertised except to the potential participants of the study.
The overall design for the website was optimized for participants who had a Windows PC, 17-inch monitor, 1024 X 864 resolution, and Microsoft Internet Explorer with medium size text and a maximized browser window. This approach was considered to be the most common arrangement for the engineering students who would participate in the study; the site was, however, usable with other computer configurations.
Originally, the website contained 42 pages on different topics concerning the natural features of American Samoa. The topics of all pages were rated for familiarity by a sample of engineering students (outside of the sample that later participated in the experiment). Topics that were most familiar to the students, such as Sharks and Owls, were eliminated to minimize any confusion related to prior knowledge, leaving 19 pages on 19 topics. The original website provided access to its pages exclusively through links in a left-hand navigation menu. Because we wanted to test the effect of hyperlinks in navigation menus and embedded in body text, embedded links were added to the site content; sometimes sentences were revised to allow hyperlinks to function logically in the three hyperlink wording conditions (generic, intriguing, or informative). And given the results of pilot tests, which showed that users tend to linearly click down the left-hand navigation menu, we also randomized the order of the thematic sections of the navigation menu.
The original website was also modified so that hyperlink wording could be tested effectively without the influence of confounding factors across pages such as inconsistent tone, writing style, page length, use of graphics, and page framesets that might not work in all browsers. In these respects, the web pages were standardized so that each page had a consistent style, 400-600 words, one or two illustrations, and no frames. The titles of the pages were also standardized so that they would match the hyperlink wording in the navigation menu. Each page had four to six hyperlinks embedded in the text and was the target of four to six hyperlinks embedded in other pages' texts. On average, each page had 4.58 embedded hyperlinks, which were distributed evenly throughout the texts and were whenever possible visible without scrolling past the first screen (i.e. without going below the 'fold'). The 'Previous' and 'Next' links at the bottom of pages were removed as well as the 'Print this page' link to constrain participants' navigation choices. Finally, the site was modified to remove contact information for the National Park Service to remove the impression that the experimental site was managed by them. A link to the survey that participants were asked to take part in after browsing the site, with an accompanying reminder that they should browse about 15 minutes before doing the survey, was also added to the site.
Experimental
conditions and hyperlink wording. Using a single shell website, five experimental conditions were instrumented based on variations in hyperlink wording in the navigation menu and in embedded links in the text. There were three variations in hyperlink wording: generic, intriguing, and informative. Generically worded links were operationalized to be one to two words in length and to be more abstract, value-neutral, minimally informative, and unintriguing. The generic links had the same (or as close as possible to the same) wording as the hyperlinks in the navigation menu of the original website. Intriguingly and informatively worded links were two to four words long. Intriguing links had titles evoking adventure, danger, the exotic, the bizarre, or the disturbingly provocative; informative links had titles that were very detailed, specific, and explicit. In order to control syntax across conditions, the hyperlinks were constructed as adjective-noun phrases (or single nouns in the case of one-word generic links) whenever possible. For example, the generic version of 'Volcanoes' became 'Samoa's Fiery Past' in the intriguing version and 'Samoa's Volcanic Origins' in the informative version.
The five conditions were created dynamically, that is, placeholders were put in for the hyperlinks, and PHP scripts plugged in the appropriate hyperlink wording depending on the condition to which a user was assigned. In other words, a single set of pages was maintained with only the hyperlink wording dynamically changing between conditions. Three experimental versions of the website had matching hyperlink wording in the navigation menu and embedded links, e.g. generic navigation menu with generic embedded links, informative navigation menu with informative embedded links, etc. Two conditions had a mismatch between hyperlink wording in the navigation menu Influencing web-browsing behavior and embedded hyperlinks, e.g. generic navigation menu with either intriguing or informative embedded links. Two other possible conditions would have been informative or intriguing navigation menus with generic embedded links but we chose not to investigate these conditions because they would have extremely limited external validity: we felt that information designers who chose not to use informative or intriguing embedded hyperlinks would be unlikely to give up screen real estate on the navigation menu for these lengthier links. All the conditions are listed in Table 1 and a view of three of the five conditions is shown in Figure 1 . 
Survey.
The survey had questions pertaining to demographics, perceptions, and comprehension. The perception questions asked participants to estimate the amount of new information they had learned, assess the difficulty and familiarity of the material they had browsed, and evaluate the organization of the site and their use of hyperlinks. While the demographic and perception questions addressed important issues related to the participants' background and feelings about the site, they also served as a distracter task before participants answered a 38-question multiplechoice comprehension test about the material in the website. The 38 questions represented two questions (one inferential and one factual) per page for each of the 19 content pages in the website. To answer an inferential question, participants would have to infer the answer based on the overall topic of a page, two stated facts on a page, or a stated fact on a page and common knowledge. To answer a factual question, participants would have to recall a fact from a page. Given that conventional wisdom about web browsing suggests that readers do not like to scroll, the comprehension questions were based on text found on the upper half of each web page. The questions were worded without using any phrasing from the informative or intriguing hyperlinks to equalize the likelihood of correct answers from participants in all conditions. The comprehension questions underwent several rounds of passage dependency testing with volunteers to ensure that questions could not be answered based on general knowledge and that all answer slots had an equal likelihood of selection.
Data recording and processing.
The website used PHP scripts to capture information with more granularity than can be gleaned from standard server logs that are intended for aggregate statistical analysis rather than for monitoring the behavior of individual users. The scripts allowed for the recording of information about participants' clicking behavior in the experimental website, such as the amount of time spent on each page and links clicked. The scripts also made it possible to record participants' answers to the survey. Custom Perl scripts were used to process and verify collected data. Additional macro functions in Microsoft Access were used to process the survey results and score the comprehension questions.
Procedures
The study was pilot-tested and revised. The official study was then conducted with students from UW College of Engineering technical writing classes. Students obtained URLs for the study from printed flyers or emails asking them to participate in the study using any computer available to them. After participants entered the study website, they were randomly assigned to an experimental condition. Participants read the instructions and explored the test website. As they browsed, server-side programming in the form of PHP scripts recorded their link clicking behavior. After they finished browsing, they took the survey and entered their names for extra credit. Before analyzing the collected data, we used Perl scripts to verify that each data string represented an individual participant. Sometimes a participant would open multiple windows to view the website, in which case he or she would be recorded as two individuals browsing from the same IP address. To identify such behaviors, we compared start times and IP addresses for each participant and eliminated duplicate entries. As long as these duplicate participants did not enter the survey with multiple windows open, their data were retained. We disqualified participants who returned to the informational website while answering the survey because they may have been searching for answers to the comprehension questions rather than answering them from memory. We also disqualified participants who did not answer any comprehension questions or who answered the questions in a careless manner such as picking the same answer for every question or answering them in a fixed pattern such as 1, 2, 3, 1, 2, 3, etc. Participants under the age of 18 were also eliminated from the analysis. Additional data processing was done with Microsoft Access macros. Results were statistically analyzed in SPSS 11.5 for Windows. Results were deemed significant at α Յ 0.05.
Results and discussion
Before presenting the results that relate to the hypotheses, we briefly review demographics and participants' perceptions of the study website. The majority of participants (84%) connected to the study through high speed connections, e.g. via DSL, cable modem, or campus Ethernet, so they had optimal online environments. The participants reported that they had an average of 7.47 years experience on the web (SD = 2.11), which is extensive given that they were on average 21 years old. Participants reported spending an average of 1.51 hours per day searching for specific information on the web (SD = 1.79) and an average of 2.31 hours per day informally browsing the web Influencing web-browsing behavior (SD = 2.58). They reported sometimes using the web to have fun and explore, that is, neither frequently nor infrequently (M = 3.33, SD = 1.14, where 1 = very infrequently, 5 = very frequently). A Pearson correlation revealed that the participants who reported frequently using the web to have fun and explore were also spending many hours browsing (r = 0.263, p = 0.000) and searching (r = 0.135, p = 0.003) the web. As might be expected with this subject group, participants who spent a lot of time searching also spent a lot of time informally browsing (r = 0.490, p = 0.000). However, a paired samples t-test revealed that they browsed for significantly more hours per day (M = 2.31, SD = 2.58) than they searched (M = 1.49, SD = 1.75) (t(471) = 7.76, p = 0.000). This high level of experience suggests that the participants should have been comfortable and familiar with the general task of browsing the experimental website.
The text about the natural history of American Samoa had been selected to be interesting but not overly familiar to the sample of engineering students. Participants' perceptions on these variables revealed that they found the information somewhat unfamiliar (M = 1.99, SD = 0.881, where 1 = very unfamiliar, 5 = very familiar), somewhat interesting (M = 3.27, SD = 0.922, where 1 = very uninteresting, 5 = very interesting), and somewhat easy (M = 3.52, SD = 0.826, where 1 = very difficult, 5 = very easy). These three variables significantly correlated (p < 0.05) with each other; in other words, participants who found the information more familiar also found it more interesting and easier.
Time spent on experiment
The study instructions asked participants to browse the site for about 15 minutes. Participants spent an average of 11.58 minutes browsing the experimental website (SD = 8.55). They spent an average of 8.12 minutes answering the survey questions (SD = 4.88). There was no significant difference across conditions on either time measure, suggesting, on average, that participants spent about the requested amount of time on the experiment.
Links clicked and pages visited
Next we review the amount of the website visited, further perceptions of the website visited, and comprehension. After this discussion, we evaluate the results in the light of our original hypotheses. There was a significant difference between conditions in the total number of links clicked, a measure that represents a combination of all possible links clicked, including those associated with the instructions for the experiment and the post-browsing survey pages (F(4, 470) = 4.87, p = 0.001). See Table 2 for the total mean number of links clicked by condition. Multiple comparisons using Tukey's Honestly Significantly Different (HSD) test showed that participants in the Generic-Informative condition clicked significantly more links overall than those in Intriguing-Intriguing or Generic-Generic conditions. Participants in the Generic-Intriguing condition also clicked significantly more links overall than participants in the Intriguing-Intriguing or GenericGeneric conditions. These results suggests that the two conditions with unmatched wording between links in the navigation menu and embedded in text encouraged significantly more link clicking than two of the three matched conditions.
There was a significant difference in the number of embedded links clicked between conditions (F(4, 470) = 5.27, p = 0.000). See Table 3 for the mean number of embedded links clicked by condition. Post-hoc tests revealed that participants in the Generic-Intriguing condition clicked significantly more embedded links than participants in Intriguing-Intriguing, GenericGeneric, and Informative-Informative conditions. The only non-significant difference was between the Generic-Intriguing and Generic-Informative conditions. This result suggests that the matched
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Journal of Information Science, 31 (5) conditions of Generic-Generic, Informative-Informative, and Intriguing-Intriguing did not encourage clicking of embedded links as much as the unmatched condition of Generic-Intriguing. Although the Generic-Intriguing and Intriguing-Intriguing conditions had identical wording for the embedded links, the differences in the navigation menu link wording may have influenced the participants' embedded link clicking. Possibly the contrast between the generically worded navigation menu and the intriguingly worded embedded links provided the participants with additional information or incentives to click on embedded links. There was a significant difference in the number of links clicked in the navigation menu between conditions (F(4, 470) = 3.04, p = 0.017). See Table 4 for the mean number of navigation menu links clicked by condition. Tukey's HSD test revealed that participants in the Generic-Informative condition clicked significantly more navigation menu links than participants in the Intriguing-Intriguing condition. As with the analysis of embedded link clicks, an unmatched condition led to more links clicked in the navigation menu than a matched condition. However, there was only one significant difference between the conditions compared to three significant differences in embedded link clicking, a result that implies that manipulation of link wording is less likely to influence navigation menu clicking than embedded link clicking. A paired samples t-test revealed that there was significantly more clicking of navigation menu links (M = 16.69, SD = 9.67) than embedded links across conditions (M = 3.66, SD = 5.11) (t(474) = 28.53, p = 0.000), suggesting that participants preferred to negotiate the site via the navigation menu. In fact, a paired samples t-test revealed that in the survey, participants rated navigation menu links as significantly more important in their overall experience of the site (M = 4.02, SD = 0.94, where 1 = very unimportant, 5 = very important) than embedded links (M = 2.97, SD = 1.04). (There were no significant differences among conditions on either of these measures.) Participants' actual browsing behavior confirmed their perceptions of the importance of the two kinds of links.
Besides differences in link clicking, there was a significant difference between conditions in the number of unique pages visited in the experimental website (F(4, 470) = 3.01, p = 0.018). See Table 5 for the mean number of unique pages visited by condition. Post-hoc tests revealed that participants in the Generic-Informative condition visited significantly more unique pages than participants in the Generic-Generic condition. Therefore, participants in the Generic-Informative condition actually saw significantly more pages of the site in addition to clicking more links. There are significant correlations (p < 0.05) between total links, embedded links, and navigation menu links clicked and the number of pages visited in the experimental website, indicating that the increased link clicking led to more pages visited rather than simple return visits to a few pages.
Participants were asked to estimate the number of web pages they read in the site. A paired samples t-test of the participants' estimate vs the number of pages they actually visited showed that participants significantly underestimated the number of pages they visited (M = 7.64, SD = 4.08) compared to the number they actually visited (M = 13.71, SD = 4.97) (t(462) = 23.14, p = 0.000). They similarly underestimated the percentage of the site they visited (M = 40, SD = 25) compared to the percentage they really visited (M = 73, SD = 26) (t(472) = 22.50, p = 0.000). Besides revealing that participants are not accurate in their estimates and that they underestimate the amount of a site they have seen, these results suggest that participants may have perceived the site to be much bigger (containing more pages) than it actually was. While the architecture of the site may not have been sufficiently revealed in the navigation system design, we suspect that participants focused more on browsing than on reflecting on the organization of the site. Possible outcomes of such a situation may include users being more immersed in a
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Journal of Information Science, 31 (5) Influencing web-browsing behavior site, or more negatively, getting lost in a site. This unawareness of a site's architecture may be a common symptom of people who browse, and it suggests greater signposting may be needed if getting lost would cause problems.
Comprehension
There were significant differences between conditions on comprehension measures. Of the two kinds of questions (inferential and factual), there was a significant difference in inferential comprehension (F(4, 470) = 2.54, p = 0.040) but not in factual comprehension. Tukey's HSD post-hoc comparisons revealed that participants in the Generic-Informative condition answered a significantly higher percentage of inferential questions correctly (M = 53, SD = 15) than participants in the Intriguing-Intriguing condition (M = 46, SD = 18). Participants in the Generic-Informative condition, besides clicking more links overall and more navigation menu links and seeing more pages, also were able to answer more inferential comprehension questions correctly. The significantly higher inferential comprehension scores suggests that people browsing websites are able to extract information from the pages as well as link ideas together, activities that would be necessary to demonstrate inferential comprehension.
There was a significant difference in overall comprehension (F(4, 470 = 2.86, p = 0.023): participants in the Generic-Informative condition answered a significantly higher percentage of questions correctly (M = 48, SD = 12) than participants in the Informative-Informative condition (M = 43, SD = 12). Although there were no significant differences in factual comprehension scores among conditions, it appears that factual comprehension influenced the overall comprehension scores, which may be why participants in the InformativeInformative condition had significantly lower overall scores while participants in the Intriguing-Intriguing condition had significantly lower inferential scores. There were no significant differences between conditions on participants' reported perception of the amount of new information that they learned; on average participants reported learning a moderate amount of information (M = 2.86, SD = 0.77, where 1 = none, 5 = all new). Participants' actual browsing behavior supplemented their perceptual answers in the survey to show that, given the unfamiliarity of the information on the site, they may have learned more about American Samoa's natural history than they realized.
Support for hypotheses
Our study started with two hypotheses: (1) informatively worded hyperlinks would help users comprehend more information; and (2) intriguingly worded hyperlinks would encourage users to visit more of the site, but not necessarily comprehend more. In support of H1, informatively worded hyperlinks benefited inferential and overall comprehension if the hyperlinks were embedded in the text and were accompanied by a generically worded navigation menu. There was no benefit in comprehension if both the navigation menu and the embedded links were informatively worded. In support of H2, intriguingly worded hyperlinks encouraged broader exploration of the site overall and embedded link clicking, if the hyperlinks were embedded in the text and were accompanied by a generically worded navigation menu. There was no increase in the number of links clicked if both the navigation menu and the embedded links were intriguingly worded. And as hypothesized, there was no benefit to comprehension from the intriguingly worded hyperlinks. Besides the benefits in link clicking seen with the Generic-Intriguing condition, participants in the Generic-Informative condition also clicked more pages overall, clicked more navigation menu links, and saw more unique pages.
Matched vs unmatched conditions
Beyond the differences between informative and intriguing hyperlink wording, these results suggest that the contrast of the hyperlink wording in the navigation menu with the embedded hyperlinks between the matched conditions (Generic-Generic, InformativeInformative, Intriguing-Intriguing) and the unmatched conditions (Generic-Informative, Generic-Intriguing) may have driven the increased link clicking, pages viewed, and comprehension scores. Given these compelling differences, we analyzed results by matched and unmatched conditions of the hyperlinks in the navigation menu vs the embedded links to see whether it was the Informative or Intriguing link wording that was driving the results' differences or the differences in wording between the navigation menu and the embedded links. While our analyses are limited to only the matched and unmatched conditions that were part of our design, we believe that the conditions we tested represent those most likely to be used by information designers. Participants in the unmatched conditions clicked significantly more total links, embedded links, and navigation menu links than in the matched conditions. Similarly, participants in unmatched conditions visited significantly more unique pages in the experimental website. See Table 6 for results.
Participants in unmatched conditions scored significantly higher on inferential and overall comprehension than in matched conditions. There was also a trend to significance in the factual comprehension scores, with participants in unmatched conditions scoring higher. See Table 7 for results.
That there were significant differences between matched and unmatched conditions and that participants in Generic-Intriguing and Generic-Informative conditions scored higher on all measures than in the sibling conditions of Intriguing-Intriguing and Informative-Informative suggest that, in addition to effects created by the wording of the embedded links, the wording of links in the navigation menu also plays a role. On websites 'in the wild', it is very uncommon to see informatively or intriguingly worded links in the navigation menu. Participants may have been jarred when presented with the Informative-Informative or Intriguing-Intriguing conditions. Also, based on openended survey answers and the participants' behavior within the site, we know that the participants relied on the navigation menu links to navigate the site. When presented with a Generic-Informative or GenericIntriguing condition, participants might have had trouble understanding the informatively or intriguingly worded links embedded in the text, but as long as the navigation menu was generically worded and 'standard,' participants could cope with any perceived strangeness of the informative or intriguing wordings. When presented with Informative-Informative or Intriguing-Intriguing conditions, if participants felt uncomfortable with link wording, they did not have a generically worded navigation menu to fall back on.
Conclusions
The results of our study overall suggest that designers who wish to use informative or intriguing hyperlink wording should reserve such strategies for embedded hyperlinks within a web page and not employ such methods with hyperlinks in the navigation menu. Furthermore, introducing informatively worded hyperlinks in the text of a web page encourages more link clicking overall and increases comprehension. Introducing intriguingly worded hyperlinks in the text of a web page encourages more embedded link clicking, which may be desirable for site designers who want their visitors to explore more of the site -and perhaps go to places they never would have thought to go to via links in the navigation menu.
In today's large informational websites, many writers or designers for the web do not have power over broad, supra-ordinate design decisions for the sites that they work with, decisions that are often left to overall site designers or information architects. To change page layout or to reorganize a site's information hierarchy or navigation substantially may require the permission Influencing web-browsing behavior and cooperation of people in other divisions of the organization. However, most designers do control the presentation of subordinate or fluid aspects of their section of the website, such as the design of the text on individual web pages. For that reason, studying the effect of manipulating the hyperlink wording can be very useful for writers and designers who want to encourage their users to visit different parts of their site but can only do so with simple textual manipulations. This study suggests that adding informatively or intriguingly worded hyperlinks can boost the number of links clicked and pages viewed and may improve comprehension of the material in the website. Altering hyperlink wording is low cost in terms of technology, effort, and risks. Textual hyperlinks are very simple, but they can have large impacts on user browsing, perceptions, and comprehension of a website. Our study represents one more effort towards moving research from the usability lab into the broader arena of the natural web, and in developing empirical support for web design guidelines and creating tools for supporting such work. The research tool that we are developing seeks to support the conduct of such remote empirical studies. The tool will, we hope, allow information designers who lack programming skills, or the time or desire necessary to learn them, to design and construct studies, create assessment instruments, manipulate web design elements without constructing multiple websites, and collect, access, and analyze study results, all without relying on a programmer.
Future research in assessing users' comprehension of web information still has a long way to go but should take notice of the need to investigate both factual and inferential comprehension. Factual comprehension demonstrates only recall, whereas inferential comprehension measures how people are processing and piecing together the information they read. It tests deeper understanding of material than simple recall. Of course, given the future of internetbased research methods in supporting researchers, usability experts, and web developers in assessing various website designs, research will move beyond assessing hyperlink wording and variables of interest will depend on the needs of these stakeholders in web design.
